Background: Societal costs of low back pain (LBP) are high, yet few studies have been performed to identify the predictive factors of high societal costs among chronic LBP patients. This study aimed to determine which factors predict high societal costs in patients with chronic LBP. Methods: Data of 6,316 chronic LBP patients were used. In the main analysis, high societal costs were defined as patients in the top 10% of cost outcomes. Sensitivity analyses were conducted using patients in the top 5% and top 20% of societal costs.
| INTRODUCTION
In recent years, low back pain (LBP) has become the leading cause of years lived with disability in high-, middle-and lowincome countries (Vos et al., 2017) A 54% increase in years lived with disability caused by LBP was reported worldwide between 1990 and 2015 (Hartvigsen, Hancock, & Kongsted, 2018) Next to the high disease burden of LBP, its economic burden is substantial (Tulder, Koes, & Bombardier, 2002) In 2007, for example, the societal cost of LBP in the Netherlands was estimated to be 3.5 billion euros, which accounted for approximately 0.6% of the Gross National Product (Lambeek et al., 2011) . The estimated annual total cost of LBP in the United States is 100 billion dollars, (Dieleman et al., 2016) in Australia 9 billion Australian dollars, (Walker, Muller, & Grant, 2003) in Switzerland 6.6 billion euros (Wieser et al., 2011) and in the UK 12.3 billion British pounds (Maniadakis & Gray, 2000) .
A systematic review by Hestbaek, Leboeuf-Yde, and Manniche (2003) showed that in many cases LBP did not resolve on its own and that 62% of LBP patients keep experiencing pain after 12 months. (Hestbaek et al., 2003; Verkerk et al., 2013) Nonetheless, the majority of LBP patients do not seek treatment (Ferreira et al., 2010) and Engel, Von Korff, and Katon (1996) and Vlaeyen et al. (2018) reported that it is very likely that the majority of the total societal costs from LBP stem from a relatively small group of chronic LBP patients (Engel et al., 1996; Vlaeyen et al., 2018) .
A proactive approach requires identifying high-risk patients accurately before substantial avoidable costs have been incurred and health status has deteriorated. Exploring the mechanisms related to high-cost users could potentially lead to ideas for initiatives or policy measures aimed at reducing costs. A report from The Commonwealth Fund (2012) maintains this view by placing emphasis on the need to address high-cost health care users with chronic conditions if potentially significant gains are to be made (System TCFCoaHPH, 2012) . Identifying factors predictive of high societal costs may provide opportunities to create appropriate initiatives aiming to prevent high-cost outcomes as well as result in improvement of patient quality of life and a reduction in health care spending (Buchbinder et al., 2013; Chechulin, Nazerian, Rais, & Malikov, 2014) .
To date, many studies have focused on investigating factors that predict whether acute LBP will become chronic. Various studies have identified a number of predictive factors for LBP chronicity, including high levels of psychological distress, low levels of physical activity, smoking, poor self-rated health and dissatisfaction with employment (Klenerman, Slade, & Stanley, 1995; Linton & Halldén, 1998; Valat, Goupille, & Védere, 1997) . However, in practice there is limited success in using this information to prevent or manage chronic LBP Waddell, 2006) . Furthermore, whilst predictive factors have commonly been investigated in various other areas of LBP, such as identifying predictive factors for return to work, disability and future health care utilization, few studies have explored the possible factors that are predictive of high societal cost (Becker et al., 2010; Lancourt & Kettelhut, 1992; Pincus, Burton, Vogel, & Field, 2002; Skargren & Öberg, 1998) . Therefore, the aim of this study was to identify predictive factors for high societal costs among chronic LBP patients in the Netherlands.
| METHODS

| Study population and design
A model was constructed to determine factors predicting high societal costs among chronic LBP patients. Data collected during the MinT (minimal invasive treatment) study in the Netherlands were used to develop the model. The MinT study consisted of three randomized controlled trials and an observational study. The aim of the MinT study was to assess the cost-effectiveness of adding minimal interventional procedures to a standardized exercise program, compared with a standardized exercise program alone (Juch et al., 2017; Maas et al., 2012) . Patients were eligible for the MinT study in general if they had chronic (>3 months) LBP, showed no improvement of symptoms after conservative treatment, were referred to a pain clinic and were able to complete Dutch questionnaires. Patients were included in the randomized controlled trials and observational study between 1 January 2013 and 1 July 2014 and between 1 January 2013 and 17 December 2015, respectively. In the present study, only data of the observational study were used. The observational study monitored patients who did not want to, or were not eligible to participate in the aforementioned randomized controlled trials or who received the intervention after recruitment for the randomized controlled trials was closed (between 1 July 2014 and 17 December 2015) (Maas et al., 2012) . The exclusion criteria for participating in the randomized controlled trials included, amongst others, patients with a negative diagnostic test, patients with a body mass index (BMI) higher than 35, patients older than 70 years, patients with severe psychiatric or psychological problems, patients diagnosed with facet, disc, sacroiliac (SI) joint or combination pain but did not want to participate in the randomized controlled trials (Maas et al., 2012) . The observational data will inform about the proportion of patients with a positive or negative diagnostic test for facet pain, disc pain, SI joint pain and a combination of these, and the clinical outcomes of patients with a negative diagnostic test. Patients diagnosed with facet, disc, SI joint or combination pain, by means of a diagnostic block, will be asked to take part of one of the four RCTs. The observational study will | 327 MUTUBUKI eT al.
monitor patients who do not want to, or are not eligible to participate in the RCTs.
Ethical approval for the MinT study was obtained from the Medical Ethics Committee of the Erasmus Medical Centre in Rotterdam (registration number MEC-2012-079). Local research governance was obtained from all participating pain clinics and all participants gave written informed consent (Maas et al., 2012) .
| Outcome measure
The outcome of the current study was having high societal costs (yes/no). Having high societal costs was defined as patients with costs in the top 10th percentile. Previous studies have defined high costs as patients in the top 20-25th percentile (Becker et al., 2010; Engel et al., 1996) . A study in the United States studied health care expenditures from 1928 to 1996 found that the top 5% of high-cost users accounted for more than half of health spending, while the top 10% accounted for about 70% of all health care spending (Berk & Monheit, 2001) . For this study, the 10th percentile for societal costs was therefore assumed to be appropriate due to the large sample size.
Societal costs were measured using 3-monthly retrospective cost questionnaires throughout the 1-year study period (i.e. administered at 3-, 6-, 9-and 12-month follow-up; Goossens, Rutten-van Mölken, Vlaeyen, & Linden, 2000) . The self-administered cost questionnaires included measures of health care utilization, informal care, unpaid productivity and absenteeism due to back pain. Health care utilization included primary care (e.g. general practitioner care, manual therapy, physical therapy, exercise therapy) and secondary care (e.g. diagnostic and therapeutic interventions, hospitalization). Data from the updated Dutch Manual of Costing were used to value costs of common health care services (Hakkaart-van Roijen, Van der Linden, Bouwmans, Kanters, & Tan, 2015) . For less common health care services, hospital accounting records and/or prices of professional organizations were used. Informal care and unpaid productivity were valued using the recommended Dutch shadow price of €14,32 per hour (Hakkaart-van Roijen et al., 2015) . Absenteeism from paid employment was measured using the Productivity and Disease Questionnaire (PRODISQ; Koopmanschap, 2005) , and was valued in accordance with the friction cost approach using hourly productivity costs of males and females (Koopmanschap & Rutten, 1996) . The friction cost approach assumes that production losses are confined to the period needed to replace a sick worker, which is currently assumed to be 12 weeks in the Netherlands (Hakkaart-van Roijen et al., 2015) . All costs were expressed in Euros 2017. An overview of the main cost categories, examples of common sub-cost categories as well as their unit prices can be found in File S1.
| Potential predictive factors
Potential predictive factors were based on previous literature (Becker et al., 2010; Chechulin et al., 2014; Engel et al., 1996; Klenerman et al., 1995; Lancourt & Kettelhut, 1992; Linton & Halldén, 1998; Pincus et al., 2002; Skargren & Öberg, 1998; Valat et al., 1997) , and measured at baseline and included:
• Treatment credibility and patient expectancy for improvement after treatment (Credibility/Expectancy Questionnaire [CEQ] (Devilly & Borkovec, 2000) ; scores were transformed to 0-least credibility/expectancy to 100-more credibility/expectancy) to improve comparability of the odds ratios. • Pain intensity (Numeric Pain Rating Scale [NPRS]; range 0-no pain to 100-worst pain imaginable; Childs, Piva, & Fritz, 2005) . Scores were transformed to 0-100 to improve comparability of the odds ratios.
• Functional disability (Oswestry Disability Index [ODI];
range 0-no disability to 100-maximum disability; Davidson & Keating, 2005; Fairbank & Pynsent, 2000) . • Health-related quality of life (EuroQol [EQ-5D-3L]; range 0-worst imaginable health state to 100-best imaginable health state, higher scores indicating better health; Rabin, 2001) . The participants' EQ-5D-3L scores were converted into utility scores using the Dutch tariff (Lamers, Stalmeier, McDonnell, & Krabbe, 2005) and the scores were transformed to 0-100 to improve comparability of the odds ratios. • General health-mental component score and physical component score ; scores range 0lowest general health to 100-highest general health) were transformed so that a higher score indicated better health status (Brazier et al., 1992; Hays & Morales, 2001; Vander Zee & Sanderman, 1996) . The two dimensions of the Rand-36 form, namely mental and physical health, were entered separately in the model. • Impact of pain experience (Multidimensional Pain Inventory [MPI]; range 0-least/best to 100 most/worst). Scores were transformed to 0-100 to improve comparability of the odds ratios. For the purpose of this analysis, scores from the five sub-scales of the first section of the MPI were used, that is, pain severity, interference with daily activities, life control, affective distress and support (Lousberg et al., 1999; McKillop & Nielson, 2011 
| Statistical analysis
The prediction model was constructed using multivariable logistic regression analysis (Harrell, Lee, & Mark, 1996; Steyerberg, 2010) . Prior to constructing the model, missing data were handled using multiple imputation to avoid possible bias due to selective drop-out of participants, which might influence the results when conducting a complete-case analysis (Burton, Billingham, & Bryan, 2007) . Imputations were performed by treatment group and per time point using predictive mean matching. Following this, tests were conducted to verify the linearity and additivity assumptions (Harrell et al., 1996) . Manual backward selection was used to obtain the final predictive factors with a p < .10. Variables with the highest p-value were excluded from the model one by one and the analysis was rerun until only variables with a p < .10 constituted the model. A p < .10 was used to ensure that predictions are accurate, whilst preventing type-1 errors caused by overfitting (Harrell et al., 1996) . The overall performance and predictability of the model were tested using Nagelkerke's R 2 (Bewick, Cheek, & Ball, 2005; Greiner, Pfeiffer, & Smith, 2000; Steyerberg et al., 2010) . Other performance measures included the area under the "receiver operating characteristics" (ROC) curve to measure the final model's discriminative value (area under the receiver operating curve [AUC]) (Bewick et al., 2005; Greiner et al., 2000; Steyerberg et al., 2010) as well as the Hosmer-Lemeshow goodness-of-fit to measure the calibration of the model (Bewick et al., 2005; Greiner et al., 2000; Steyerberg et al., 2010) . To adjust for the fact that the model was developed and tested in the same population, which typically causes regression coefficients and performance measures to be overestimated (i.e. overfitting), bootstrapping was used to internally validate the model (Bewick et al., 2005; Greiner et al., 2000; Steyerberg et al., 2010) . Multiple imputation and multivariate regression analyses were conducted using Stata (version 14SE, Stata Corp), and internal validation was performed using R (i386 version 3.1.2).
To test the robustness of the results, two sensitivity analyses were conducted; (a) using the top 20th percentile for high costs, and (b) using the top 5th percentile for high costs.
3 | RESULTS
| Participants
Data from 6,316 chronic LBP patients in the observational study group were analysed in the present study ( Figure  1 ). Of them, the majority were female (66%), overweight (67%), Dutch (95%), had a low level of education (56%) and more than half were unemployed (59%; Table 1 ). Most of the predictive factors had about 17% of patients with missing data. The amount of missing values for all the variables entered in the model are reported in File S2. Costs at different cut-off points were as follows: 10% (≥€11,922), 5% (≥€19,403) and 20% (≥€7,906). The average societal costs per patient were €5,522 and the median costs were €2,995.
| Development, performance and internal validity of the top 10% prediction model
Females, non-Dutch nationals, combined diagnosis (LBP caused by both facet joints and intervertebral disc), poor physical health, high functional disability, low health-related quality of life, decreasing age, high impact of pain experience and decreasing pain intensity were found to increase the odds of having high societal costs ( Table 2 ). The Hosmer-Lemeshow statistic was not significant (X 2 = 7, p = .55), indicating that the model's overall fit was good. The model explained 14.3% (Nagelkerke's R 2 ) of the variation in the outcome (i.e. high societal costs) and the model's AUC was 0.74 (95% CI 0.67-0.72). After internal validation, the model's explained variance was 13.2% and the AUC was 0.73. The calibration slope was 0.97, indicating relatively little optimism or overfitting of the regression coefficients.
| Sensitivity analysis
Using an outcome consisting of patients in the top 20th percentile of societal costs, combined diagnosis, poor physical health, high functional disability, low health-related quality of life, high impact of pain experience, non-Dutch nationality, decreasing pain intensity and being female were predictive factors of having high societal costs (Table 3 ). The Hosmer-Lemeshow statistic was not significant (X 2 = 8.5, p = .47), Nagelkerke's R 2 was 0.146 and the model's AUC was 0.72. After internal validation, the model's explained variance reduced to 14.1% and the AUC to 0.71. The calibration slope was 0.98.
Using an outcome consisting of patients in the top 5th percentile of societal costs, high-level education, poor physical health, high functional disability, low health-related quality of life, high impact of pain experience, non-Dutch nationality and decreasing pain intensity were predictive factors of having high societal costs (Table 4 ). The Hosmer-Lemeshow statistic was not significant (X 2 = 7.2, p = .59), indicating that the model's overall fit was good. The model explained 14.1% (Nagelkerke's R 2 ) of the variation in the outcome (high costs) and the model's AUC was 0.76. After internal validation, the model's explained variance reduced to 13.2% and the AUC to 0.76. The calibration slope was 0.97. Table 5 provides an overview of robust predictors of high societal costs in all three models 4 | DISCUSSION
| Main findings
High impact of pain experience (MPI interference), being female, non-Dutch national, combined diagnosis (LBP caused by both facet joints and intervertebral disc), poor physical health, high functional disability, low health-related quality of life, younger age and decreasing pain intensity were found to increase the odds of having high societal costs. The model's overall fit was good and its explained variance was relatively low (Bewick et al., 2005; Greiner et al., 2000; Steyerberg et al., 2010 ; that is, only 14.3% of the variance in high societal costs was explained by the identified predictive factors). The AUC was 0.73 and can be interpreted as moderate (Greiner et al., 2000) . Internal validation had little effect on the model's performance, illustrating minimal chance of overfitting of the regression coefficients .
At a 5% cut-off point in our sensitivity analysis, high education level became a predictor and gender and age were no longer predictors. There were no additional predictive factors when a cut-off point of 20% was used, instead age was no longer a predictor. The performance of the sensitivity analyses models was equal to that of the main analysis. Poor physical health, high functional disability, low health-related quality of life, high impact of pain experience, non-Dutch nationality and decreasing pain were found to be predictive of having high societal costs in all models, suggesting that they constitute the most robust predictors of high societal costs.
| Comparison with literature
Few studies have focused on investigating predictive factors for high societal costs among chronic LBP patients. A study by Engel et al. (1996) reported increasing chronic pain grade and pain persistence as strong predictors of high costs and high back pain costs, followed by disc disorder/ sciatica diagnosis and increasing depressive symptoms. Diagnosis as a predictor of high costs is in line with the results of the present study as well as those of previous ones (Becker et al., 2010; Wenig, Schmidt, Kohlmann, & Schweikert, 2009) . In contrast to the present study, they found mental health and high pain scores to be predictors for high costs. Mental health was also a predictor of high societal costs in the studies of Becker et al. (2010) and Ritzwoller, Crounse, Shetterly, and Rublee (2006) . This discrepancy could be due to different cut-off points for high costs (>20% in the previous studies vs. 10% in the present study). The definition of mental health (i.e. depression vs. general mental health) varied among the studies, Becker et al. (2010) focused on depression, whereas Ritzwoller et al. (2006) included anxiety, depression and psychosis. Differences in measuring mental health were noted, 1-item question (present study) versus a risk adjustment system used to identify comorbidities (Ritzwoller et al., 2006) versus CES-D ranging from 0 to 60 (Becker et al., 2010) . Depression was associated with high health care costs in the study of Becker et al. (2010) and a possible explanation was that physicians initiate costly health care when confronted with mood disorders (Becker et al., 2010) . Ritzwoller et al. (2006) reported an association of depression and psychopathy with increased LBP episodes and high costs. Comorbidities have been associated with longer duration of LBP and work disabilities (Nordin et al., 2002) . Although previous studies have reported an increase in LBP intensity to be a predictor of high costs (Becker et al., 2010; Wenig et al., 2009) , the present study reported decreasing pain intensity as a predictor of high costs. A possible explanation for this discrepancy is that only chronic LBP was included in the present study versus general LBP (acute and chronic; Becker et al., 2010; Ekman, Jönhagen, Hunsche, & Jönsson, 2005; Engel et al., 1996; Ritzwoller et al., 2006; Wenig et al., 2009 ) and that the studies took place in different health care settings, that is, primary (Becker et al., 2010; Ekman et al., 2005; Engel et al., 1996; Ritzwoller et al., 2006) versus secondary (present study). Fink-Miller, Long, and Gross (2014) reported that chronic LBP patients in primary care reported more severe pain compared to chronic LBP patients in tertiary care and suggest shorter duration of complaints and shopping for opioids by chronic LBP patients (1) ODI functional disability [mean (SD)] range 0-100 11.1 (9) 17.1 (10) 11.1 (9) Pain intensity [mean (SD)] range 0-100 73 (16) 77 (14) 73 (16) Note: Percentages have been rounded off hence values a bit less than 100% and a bit more that 100%. Scores for MPI, Rand 36, patient expectations, health-related quality of life were transformed to a range of 0-100 to enable comparability with the odds ratio. Diagnosis was based on patient history and physical examination. Abbreviations: MPI, multidimensional pain inventory; ODI, oswestry disability index.
F I G U R E 1 Inclusion and exclusion of participants
T A B L E 1 (Continued) in primary care as possible explanations (Fink-Miller et al., 2014) . Also, patients presenting in secondary and/or tertiary care may have exhausted conservative therapies, hence could have already made high costs.
Contrary to the findings of Wenig et al. (2009) , being female was a predictor of high costs in the present study and in previous studies (Ekman et al., 2005) . Wenig et al. (2009) reported that women had a higher probability to cause high costs and utilized health care more quickly than men and when men used health care for LBP it resulted in higher costs on average. The present study had almost double the amount of women compared to men, whereas there was a small difference in the amount of men and women in the study of Wenig et al. (2009) . Another important difference between the present study and the previous ones is the applied perspective. In the present study, a societal perspective was applied, including health care, absenteeism, informal care and unpaid productivity costs, whereas Engel et al. (1996) and Ritzwoller et al. (2006) only included health care costs. Becker et al. (2010) evaluated costs from a societal perspective but did not include informal care costs, Wenig et al. (2009) also applied a societal approach that included health care and lost productivity costs, but did not include informal care costs.
Also important to note is the higher Nagelkerke's R 2 for the model by Becker et al. (i.e. 0.28) compared to that of the present study (i.e. 0.14). Information regarding the fit of the model (Nagelkerke's R 2 , AUC) is missing from some previous studies (Engel et al., 1996; Wenig et al., 2009 ). In the present study, the explained variance was probably lower than that of other studies because we applied the broadest perspective, that is, the societal one. The relatively low explained variance may also be interpreted as the variables entered into our model are less suitable at predicting high costs (Ekman et al., 2005) , important predictors are missing or chronic LBP patients who are having high costs are a heterogeneous population. Demographic, social and clinical factors included in this model, as in other prediction studies, are typically measured in LBP studies.
Other predictive factors of high costs include diabetes, rheumatoid arthritis, back pain persistence (Engel et al., 1996) , fear of avoidance beliefs (Becker et al., 2010) , low education and unemployment (Wenig et al., 2009) . In contrast to our findings, both low education level and unemployment were not predictors of high costs in our sensitivity analysis, but high education level was. A possible explanation for this is that, 86% of the patients included in this study had comprehensive health care insurance. Highly educated persons are likely to afford more expensive and comprehensive insurance packages offering more options for health care and visits to alternative medicine and therapies. This finding has important implications for the understanding of the relation between socio-economic status and high-cost users in chronic LBP. In addition, for interventions and policies aimed at highly educated high-cost users in LBP.
In the present study, the average societal costs per patient were €5,522, whereas Dutmer et al (2019) reported around €9,000 in societal costs per patient (Dutmer et al., 2019) . This difference could have resulted from the absence of presenteeism costs in the present study, whereas Dutmer et al (2019) did include this cost category in their societal cost estimation. As a consequence, some productivity costs may have been missed. In addition, only patients from a secondary setting were included in the present study, whereas Dutmer et al (2019) included patients from both secondary and tertiary settings. Tertiary settings are generally more costly compared to secondary settings. Moreover, Dutmer et al (2019) reported higher levels of disability than were reported in the present study, while high levels of disability are typically associated with high costs in LBP (Hartvigsen et al., 2001; Lambeek et al., 2011). 
| Strength and limitations
Strengths of the present study include that it was one of the very few studies to identify predictive factors for high costs in patients with chronic LBP and that the societal perspective was applied. The large cohort of observed patients with chronic LBP (n = 6,316) greatly increases the power of this study and improves sensitivity to weak predictive factors. Imputation methods were used to deal with missing data thereby avoiding complete-case analysis which would have significantly reduced the power of these findings and potentially introduced information bias due to selective drop-out of participants. Multiple imputation is the preferred statistical method for dealing with missing data, particularly when costs are involved (Burton et al., 2007) . Furthermore, internally validating the model by bootstrapping with 250 replications improved the generalizability and robustness of these findings (Bewick et al., 2005; Steyerberg et al., 2013) .
Some limitations are notable as well. Although mainly valid and reliable questionnaires were used, the predictive factors were measured using self-reported questionnaires and this might have caused recall and or social desirability bias. Second, presenteeism costs were not included in our analyses, whereas presenteeism has previously been found to be a very important cost driver and is increasingly being recognized as an important problem in the occupational setting (Tsuboi, Murata, Naruse, & Ono, 2019). Hence, further productivity losses could have been missed. Future studies should therefore include presenteeism costs. Third, there is no consensus regarding the most ideal cut-off point for defining high costs. Although in this study different cut-off points, that is, 10% (≥€11,922), 5% (≥€19,403) and 20% (≥€7,906), were used to assess the robustness of the model, a consensus should be reached on the definition of high costs. This will enable the results to be more comparable and also determine the most suitable moment for initiatives aiming to reduce these costs to be applied. Fourth, in spite of the relatively large sample size of the current study (n = 6,316), there were some predictive factors for which there were very few participants. For example, there were only four (2.8%) non-Dutch nationals in the high-cost group in the main analysis, and it is unknown whether these four participants are representative of all non-Dutch LBP patients. As a consequence, even though non-Dutch nationality was identified as a predictor in all of the models, further research is needed to establish whether non-Dutch nationality is indeed a very strong predictor of having high societal costs among LBP patients. Fifth, the secondary care setting of this study may to some extent limit the generalizability of its findings to other types of LBP patients and/or other settings. Amongst others, the relatively high unemployment rate of 59% may have resulted in an underestimation of the productivity costs, whereas secondary care is generally more expensive than primary care and health care costs may thus have been overestimated (Lambeek et al., 2011) . As a consequence, the total societal cost estimates are likely to be specific to the secondary care setting. Furthermore, the disability rate in this study is rather low in comparison to other studies conducted in secondary settings (Dutmer et al., 2019) , therefore caution should be exercised when applying these results to other populations. Sixth, apart from high BMI-related diseases no other comorbidities have been included in the study. Overweight and obesity are well represented in the present study because these were exclusion criteria for the RCTs in the Mint study.
| Implications for research and practice
The lack of professional consensus regarding a cut-off point for high costs is probably due to limited studies in this field. Having a consensus regarding a cut-off point can enable comparisons to be made and it is essential in policy and decision making. Identifying those patients who are at risk (risk stratification) of becoming high-cost users and making appropriate initiatives could help in reducing high costs. For example, non-Dutch nationality might be associated with a more limited mastery of the language. Maybe the information provided to non-Dutch patients should be adapted. Functional disability and poor physical health are predictors of high societal costs, therapies targeting limitations in activities could
